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Abstract The comparison of aggregation behaviors between
the branched block polyether T1107 (polyether A) and linear
polyether (EO)60(PO)40(EO)60 (polyether B) in aqueous
solution are investigated by the MesoDyn simulation.
Polyether A forms micelles at lower concentration and has
a smaller aggregation number than B. Both the polyethers
show the time-dependent micellar growth behaviors. The
spherical micelles appear and then change to rod-like
micelles with time evolution in the 10 vol% solution of
polyether A. The micellar cluster appears and changes to
pseudo-spherical micelles with time evolution in the 20 vol%
solution of polyether A. However, the spherical micelles
appear and change to micellar cluster with time evolution in
the 20 vol% polyether B solution. The shear can induce the
micellar transition of both block polyethers. When the shear
rate is 1×105 s−1, the shear can induce the sphere-to-rod
transition of both polyethers at the concentration of 10 and
20 vol%. When the shear rate is lower than 1×105 s−1, the
huge micelles and micellar clusters can be formed in the 10

and 20 vol% polyether A systems under the shear, while the
huge micelles are formed and then disaggregated with the
time evolution in the 20 vol% polyether B system.

Keywords Branched block polyether . Aggregation
behavior . Micelle . MesoDyn simulation

Introduction

Poly(ethylene oxide)–poly(propylene oxide)–poly(ethylene
oxide) (PEO–PPO–PEO) block polyethers are macromo-
lecular-nonionic surfactants. The block polyethers can self-
assemble due to the character of molecule with amphiphilic
structure resembling that of the low-molecular-weight
surfactants. In aqueous medium, the block polyethers exist
in the molecular state at low concentration or temperature,
while they do in the form of intermolecular micelles above
the critical micellization concentration (CMC) or the critical
micellization temperature [1–5]. The formation of micelle
in aqueous block polyether solution has an important
practical application in many industrial fields [6–9]. The
aggregation behaviors of block polyethers have been
studied extensively by various methods, for example,
micro-calorimetry [10–12], small-angle neutron or X-rays
scattering [13–15], static and dynamic light scattering [16–
18], and rheometry [19–22]. Besides, computer simulation
methods, such as dissipative particle dynamics [23–25] and
mesoscopic dynamics (MesoDyn) [26–28] have been used
in the study on the aggregation behavior of polyether.
These mesoscopic models build a bridge between fast
molecular kinetics and slow thermodynamic relaxation of
macro-scale properties [29]. MesoDyn simulation has led to
significant advances in the investigation of the aggregation
behaviors of block polyethers [30–32]. The information of
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simulation time of micelle formation, phase behavior of
block copolymers, formation of mesoscale structures, and
the solution behavior of specific chemical species can be
gotten by MesoDyn simulation [30, 32].

Although the aggregation behaviors of the block poly-
ethers are investigated in detail as a function of temperature
and concentration, the studies of the time dependence in the
micellar growth and restructuring process is difficult by
means of experimental methods. The sphere-to-rod growth
behavior of the triblock polyether EO20PO70EO20 (P123)
has been observed; however, not all the triblock polyethers
show the shape transition of their micelles in the experi-
ment [33]. However, the time dependence of the micellar
growth can be observed clearly in the MesoDyn simulation
[34].

Recently, we have explored the properties of branched
block polyethers and compared with the linear triblock
polyethers [35–41]. The results show that branched block
polyether has many advantages in practical applications,
such as in synthesis of nanoparticles [36], oil demulsifi-
cation [37, 38], and dispersing carbon nanotubes [39]. The
aggregation behaviors of a branched block polyether
(AP432) compared to the linear triblock polyether L64 at
the air/water surface and in bulk aqueous solutions have
been investigated [40, 41]. We find that both the efficiency
and the effectiveness of AP432 to lower the surface
tension of water are higher than those of L64 and the
micelles formed by AP432 are more compact than that of
L64. Although the investigations show the advantage of
the branched block polyethers, it is unclear that whether
the micelle formation process of the branched block
polyethers is different from that of the linear polyethers.
Therefore, the MesoDyn simulation method is used to
investigate the difference between the time dependence of
micellar growth behaviors for the branched and linear
block polyethers, and the effect of shear on the aggrega-
tion process. The aim is further to understand the
difference of aggregation behaviors between the branched
and linear block polyethers, and to provide useful
information for their practical applications.

Simulation methods

The MesoDyn simulation is based on the dynamics density
functional theory. The essential idea of the simulation
method is that if the free energy of an inhomogeneous
liquid is a function of the local density function, and then
all thermodynamic functions can be derived [30–32, 42].
Various types of beads are used as the model in the
MesoDyn simulations. Each bead is a certain component
type representing covalently bonded groups of atoms, such
as the hydrophobic or hydrophilic groups in the amphi-

philes. The interaction between different beads is used to
describe by harmonic oscillator potentials for the intramo-
lecular interactions [43]. The dynamic functions of the
system are described by the Langevin equations, which are
the diffusion equations in the component densities taking
account of the noise in the system. Therefore, to specify the
chemical nature of the system in MesoDyn simulation, two
sets of parameters have to be defined, one is for the
Gaussian chain in terms of repeat beads and the other is for
the interaction energies of the various components. For the
first set, a Gaussian chain “spring and beads” description is
used in the MesoDyn simulation. The Gaussian chain has
the same size, and the chain topology depends on the
coarsened degree of the original system.

Numerous works on the MesoDyn simulation of the
block polyether have been carried out. Usually in the
model, springs mimic the stretching behavior of a chain
fragment and different kinds of beads correspond to
different components in the block polyether. Each bead in
the Gaussian chain is a statistical unit, representing a
number of “real” monomers. Therefore, the choice of the
Gaussian chain is an important aspect of the method. Van
Vlimmeren et al. [44] obtained a simple relationship for
atomistic and Gaussian chains:

X

x
� 4:3;

Y

y
� 3:3 ð1Þ

where X and Y refer to the numbers of units in the PEO and
PPO block polymer, respectively, and x and y are the
numbers of coarsened chain topology. However, since both
x and y have to be an integer, the above equations cannot be
exactly solved.

In this work, the branched block polyether Tetronic 1107
(polyether A) and the l inear block polyether
(EO)60(PO)40(EO)60 (polyether B) are contrastively inves-
tigated by the MesoDyn simulation. The molecular struc-
tures of A and B are shown in Fig. 1. In the simulation, a
few approximate values are chosen and the Gaussian chain
scheme of polyether A is E 14 P 6 P [P 6 E 14] [P 6 E 14] P
6 E 14. While the Gaussian chain of polyether B is E 14 P
12 E 14, where the E blocks represent the PEO, the P
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Fig. 1 The molecular structure of the branched and linear block
polyethers. a Branched block polyether A, Mn=15,000 g/mol, the
mass percentage of EO is 69.2%; b the linear block polyether B,
Mn=7,600 g/mol, the mass percentage of EO is 69.5%
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blocks are the PPO, and one bead W represents water in
MesoDyn simulation.

The interaction energies εIJ of the different types of
segments represent the pair-wise interactions of beads in the
similar way that defined in the Flory–Huggins model [45].
εIJ can be derived from numerous methods, such as
atomistic simulation [45, 46], empirical methods [47], and
experimental data [48], of which the simplest approach is
based on the regular solution theory and relates the Flory–
Huggins parameter χ to the component solubility parameter
δ. The parameters can be considered to represent the
nonideal interactions and the strength of repulsion interac-
tion between different components is characterized by εAB
>0, in units of kilojoules per mole. The effective meanfield
interactions vary with both concentration and temperature,
#eff ¼ a þ b=T , of which α represents the entropic contri-
bution that is added to take into account the difference in
size of solvent and solute atoms, and β represents the
enthalpic contributions.

The solvent–polymer interaction parameters are esti-
mated as

#eff ¼ dI � dJð Þ2Vref=RTþ #s ð2Þ

where Vref is the monomer volume, and χs is the entropy
contribution to the mixing energy, which was neglected in
this work since it is a relatively small correction in
comparison to the other terms [44]. The solubility
parameter δ is related to each component’s volumetric
cohesive energy density Ecoh/V of the system via the
definition [49]

d ¼
ffiffiffiffiffiffiffiffiffi
Ecoh

V

r
ð3Þ

The values of δ can calculated directly from atomistic
simulation using Eq. 3 [46].

It is known that the interaction parameters are also
composition-dependent for a poly(ethylene oxide-block-
propylene oxide) solution. Bae et al. [49] used an extended
Flory–Huggins equation to investigate the relationship
between the parameters and concentrations for vapor–liquid
or liquid–liquid equilibria at different temperatures through
the vapor pressure method and the semi-empirical model.
Therefore, the pair-wise interactions in MesoDyn should be
considered as the effective Flory–Huggins parameters, like
Baulin and Halperin’s work [50], # ¼ #eff þ f fð Þ. From
previous successful simulations for poly(ethylene oxide-
block-propylene oxide) solutions [30–32, 34, 44, 45, 50–
52], χEW and χPW were selected as the values from 1.35 to
1.7 at different concentrations from atomic simulations.
Obviously, the parameters should be considered as the
“effect” Flory–Huggins parameters χeff. In the present

simulation, the effect Flory–Huggins parameters are chosen
to be χeff, EW=1.4, χeff, PW=1.7 for solvent–polymer
interaction, and χeff, EP=3.0 for polymer–polymer interac-
tion, which are the same as our previous work [53, 54] and
the other group’s simulation [30–32, 34, 44, 45, 52, 55].
The MesoDyn input parameter λIJ is related to the effect
Flory–Huggins parameters via λIJ=χeff,IJRT, from which
the pairs of species in the system can be obtained. They are
λEW=3.47, λPW=4.21, and λEP=7.43 kJ/mol at 298 K. For
all simulations, the parameters in the MesoDyn program are
chosen as: the time step Δτ=50 ns (dimensionless time step
Δτ=0.5), the noise scaling parameter Ω=100, the com-
pressibility parameter κ′H=25, the grid parameter d=ah−1

=1.1543, and the total simulation time is 50,000 steps
(i.e., 2.5 ms). The simulations are performed at 298 K and
in a cubic grid with 32×32×32 nm cells of mesh size h. All
the simulations are carried out using the MesoDyn module
in the commercial software package Material Studio 4.3,
from Accelrys Inc.

The shear behavior in the MesoDyn simulation can be
considered to simulation the stirring or oscillation behaviors
in the experiment. In the simulation for an incompressible
block polyether system, a fluctuating scalar field φk is
usually added to the density function to represent the shear.
It can be presented by the Fokker–Planck equation [56–58]

@P

@t
f; t½ � ¼

Z

k

d
dfk

m
d

df�k
þ dH f½ �

df�k

� �
� Aw coswtkx

@

@ky
fk

� �
P f; t½ �

ð4Þ
Here, �k is a fluctuating scalar field described by

Landau-Brazovskii Hamiltonian, and μ is an Onsager
coefficient, which is approximated by μ=μ(k0) and is
assumed to be frequency independent [56]. The last term
in Eq. 4 describes the coupling between the shear flow
v=Aωcosωtyex and the gradient of �k. The effective steady-
state thermodynamic potential for the reorientational tran-
sitions occurring in the hexagonal phase is obtained after
some approximations [58]. The equation is

6hex ¼ 6
ð0Þ
hex þ b36ð1Þ

hexF
:
gð Þ cos 6qð Þ; F

:
gð Þ ¼ � :

g2;
:
g ! 0

:
g�1=3;

:
g ! 1

�

ð5Þ

Where the angle θ determines the orientation of the
hexagonal lattice (θ=0 corresponds to the orientation in real
space). Generally, the potential 6fg

hex is time-dependent. In

this model, the minimum of 6
fg
hex determines the stable

orientation, and the potential 6
fg
hex can be viewed as a

dynamic extension of the equilibrium free energy. Using the
equations above, the oriented hexagonal phase can be
constructed in the MesoDyn simulation.

Colloid Polym Sci (2010) 288:1581–1592 1583



Results and discussion

The effect of concentration on the morphology of block
polyether aggregate

The PO groups of block polyether can form hydrophobic
core of micelle when the concentration is larger than its
CMC. Therefore, the isosurface of PO groups can be
used to mimic the micellar morphology in the MesoDyn
simulation. Figure 2a shows the effect of concentration
on the PO-block isosurface of branched block polyether A
in the 32×32×32 nm box. When the concentration is
5 vol%, no micelles are formed within the simulation time
of 2.5 ms. However, the PO groups distribute unevenly in
the box and have aggregation trend. When the concen-
trations are 7.5, 10, and 15 vol%, the asymmetry micelles
are observed. When the concentration is 20 vol%,
symmetry micelles are found at the end of simulation.
However, the micelles are not perfectly spherical. Inter-
estingly, the imperfect spherical micelles are formed
during the simulation, which has been reported in the
literatures [34, 52, 59]. When the concentration ascends

to 50 vol%, the rod-like micelles are found. While the
concentration is larger than 60 vol%, the wormlike
micelles are formed.

The aggregation behavior of the linear block polyether
B, which has the same PO content as A, is also
investigated. Figure 2b shows that the aggregation mor-
phology of polyether B changes with the increase of
concentration. When the concentration is 10 vol%, the
pre-micelle can be found. While the concentration is 20 vol
%, the huge micelles are formed. However, the spherical
and rod-like micelles are found as the concentration
ascends to 40 vol%. Until the concentration ascends to
80 vol%, the wormlike micelles appear. It can be found that
both polyether A and B can form spherical, rod-like,
wormlike micelles, and micellar clusters in aqueous
solution, however, polyether A forms spherical and worm-
like micelles at lower concentration than B.

The aggregation number can be calculated in the
simulation to investigate the aggregation behavior of block
polyethers [34, 52, 55]. In a 32×32×32 nm cubic grid, the
numbers of the micelles are averaged about 60 and 50 in
the 20 vol% A and B systems, respectively. Then, the

Fig. 2 The effect of concentration on the aggregation morphology of
the branched and linear block polyethers. a i to ix represent the
concentration (vol%) of polyether A: 5, 7.5, 10, 15, 20, 50, 60, 65,

and 80. b i to viii represent the concentration (vol%) of polyether B:
10, 20, 30, 35, 40, 50, 60, and 80
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average core radius (Rc) of PO monomer is calculated,
which are about 5.0 and 5.4 nm for 20 vol% A and B. To a
good approximation, the aggregation number (N) scales
linearly with the third power of the average core radius
(Rc): [60]

NnVPO ¼ 4

3
pR3

c ð6Þ

Where n=80 and 40, are the PO polymerization
degree of A and B, and the propylene oxide volume
VPO is 0.0954 nm3 [34, 52, 55]. The N values of A and B
at 20 vol% are 72 and 170 calculated by Eq. 6. This
orderliness agrees with Perreura’s result in the experi-
ment [61]. Nolan et al. have found that the aggregation
number of linear triblock copolymers appeared to
increase with the increasing molecular weight while
keeping the PEO/PPO ratio constant [62]. However, here
the branched block polyether has a smaller aggregation
number than the linear polyether. Therefore, the branched
structure can increase the steric interactions of PPO and
PEO and influence the aggregation behavior greatly.

The morphology of block polyether aggregate at various
simulation times

Yuan et al. has discussed the effect of time evolution on the
aggregation morphology [52]. However, the detailed mor-
phology change has not been given. Ganguly et al. found
that P123 solutions showed a sphere-to-rod micellar growth
with time evolution in the aqueous medium unlike the other
aqueous poly(ethylene oxide-block-propylene oxide) sys-
tems by dynamic light scattering, viscometry, and small-
angle neutron-scattering techniques [33]. Here, the influ-
ence of the time evolution on the morphology of polyether
aggregates and the sphere-to-rod micellar growth behavior
dependent on time is investigated by the MesoDyn
simulation. Figure 3a gives the variation of the aggregation
morphology in the 10 vol% A solution with the time
evolution. The PO groups begin to gather and form the pre-
micelles at 75 μs. A number of spherical micelles are
formed at 225 μs. The interesting case is that an
anisometric huge micelle is formed from the spherical
micelles at 275 μs and then the micelle grows huger. At
750 μs the huge micelle deforms into small micelles. The
rod-like micelles appear at 2 ms and are kept until the end

Fig. 3 The effect of time evolution on the aggregation morphology of
the branched polyether. a 10 vol% A system: (i) to (ix) represent the
time step (μs) of 25, 75, 225, 275, 500, 750, 1,500, 2,000, and 2,500.

b 20 vol% A system: (i) to (ix) represent the time step (μs) of 25, 50,
75, 225, 500, 750, 1,250, 2,000, and 2,500
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of simulation. However, when the concentration of A
arrives at 20 vol% (shown in Fig. 3b), a large number of
micelles and micellar clusters are formed at 25 μs. Then the
small micelles grow into huge micelles and afterward the
micelles just have a little variation in the shape of pseudo-
sphere, which is also found in Zhao and Wanka’s work of
simulation and experiment [55, 63].

In order to compare the aggregation behavior between
polyethers A and B, the effect of time evolution on the
morphology of B aggregate is also investigated. No
micelles are formed within the simulation time of 2.5 ms
in the 10 vol% B system. When the concentration arrives at
20 vol%, the micelles are found during the simulation.
Figure 4 shows the variations of the aggregation morphol-
ogy in the 20 vol% B system with the time evolution. It is
similar to the case of 10 vol% A that the small spherical
micelles are found at the beginning of the simulation (about
50 μs). The small spherical micelles gather into huge
micellar clusters at 250 μs. Then the clusters and the small
spherical micelles transform to each other. At the end of
simulation, the small micelles and huge micellar clusters
coexist. The micellar clusters are also found for other
systems in the experiment [64, 65] and simulation [66].

It is reputed that the micellar formation is a homeostasis
process in the surfactant solution. The micelles and
monomers are in the equilibrium. The exchange between
micelle and monomers are too fast to observe in the
experiment. However, in the MesoDyn simulation, the
exchange process can be observed clearly. It can be found

Fig. 4 The effect of time evolution on the aggregation morphology of
the 20 vol% polyether B. a 25 μs, b 50 μs, c 250 μs, d 500 μs, e
750 μs, f 1 ms, g 1.5 ms, h 2 ms, and i 2.5 ms
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Fig. 5 Time evolution of order
parameters for A and B systems
at different concentrations: a
10 vol% A, b 20 vol% A, c
10 vol% B, and d 20 vol% B
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that the larger the concentration is the less time is needed
for the micelles to form. The change of the A micelles at
the concentration of 10 vol% with the time evolution is
more obvious than that of 20 vol%. This is because that A
molecules disengage from the micelle leading to the change
of micellar morphology at the concentration of 10 vol%.
While the concentration is 20 vol%, A molecules in the
form of monomers are enough in the system. When the
molecules disengage from the micelle, the other molecules
can rapidly supplement the micelle. Therefore, the micellar
morphology of 20 vol% polyether A changes a little with
the time evolution. The time to form micelles for 20 vol%
A is shorter than that of B. This is because that the
hydrophobic effect of A is much stronger than that of B and
so A micelles are easier to form.

Two breaks were observed in the surface tension
isotherms of block polyethers [40, 67], which happened to
the branched block polyether A (shown in Figure S1). This
phenomenon is usually ascribed to the broad distribution of
molecular weight of macromolecules, change of molecular
conformation at the air/water interface, or the formation of
unimolecular micelles or oligomers before CMC [67, 68].
Meanwhile, Huang et al. found that the two breaks
appearing in the surface tension isotherms of surfactant

mixtures, and considered as the aggregates forming at the
first break (before CMC) [69, 70]. Here, great deals of
pseudo-spherical micelles are found at 20 vol%, but a spot
of rod-like micelles are found at the concentration of 10 vol
%. The formation of the rod-like micelles may cause the
polyether molecules transferring from the air/water inter-
face to the bulk solution, which can lead to the slow
decrease of surface tension and the appearance of break
point in the surface tension isotherm. However, the
formation of the rod-like micelles at the low concentration
waits to be proved in the experiment in future.

The order parameter (p), which is the mean-squared
deviation from homogeneity in the system representing the
characteristics of phase separation and compressibility, is
defined as follows:

p � q � q
2 ¼

R
V

P
1

q21ðrÞ � q01
� 	2h i

dr

V
ð7Þ

Where θ and V are the polymer volume fraction and cell
volume, respectively. The variation of parameter p during
the simulation can show the process of phase separation
more distinctly than the image changes of the aggregate.
The variations of p values with time evolution for 10 vol%

Fig. 6 The aggregation morphology of the branched polyether at
various simulation times under different shear rate. (I): a to c represent
the morphology of 10 vol% polyether A at time of 0.2, 0.25, and

1.25 ms. (II): a to c represent the morphology of 20 vol% A at time of
0.2, 0.25, and 1.25 ms. i–iv represent the shear rate of 0, 1×103, 1×
104, and 1×105 s−1, respectively
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A are shown in Fig. 5a. The values of p increase with the
time evolution and three stages are found. The stage I is
about 0 to 40 μs, during which the p value and aggregation
morphology change little. In this stage the system are
almost homogenous. Then in stage II (about 40 to 300 μs)
the p value increase rapidly and the micellar morphology
are found. Interestingly, in this stage, the curves of p values
vs. time evolution have two peaks, which means that there
are aggregate transforming during the spherical micelles
formation process. At last, in stage III, the p values change
slowly to reach the equilibrium and the system evolves
slowly to get the most stable state. When the concentration
of A arrives at 20 vol%, the variations of p value with the
time are shown in Fig. 5b. It is clear that the stage I and II
are only 20 and 60 μs, respectively. However, in stage II no
peaks are observed during the p values increasing process.

Contrasted with the branched block polyether, the
variations of p values of B at 10 and 20 vol% are shown
in Fig. 5c, d. When the concentration of B is 10 vol%, no
aggregate is found during the whole simulation time. The p
values vs. time curves are oscillating all the time and p
values of E and W beads are almost the same. When the
concentration arrives at 20 vol%, the micelles are found and
three stages appear in the p value vs. time curves. The

stages I and II continue for only 20 and 180 μs,
respectively. The duration of the stage II for B is longer
than that for A, indicating that the micellar formation
process of A is faster and easier than that of the linear block
polyether. Usually, the dynamic process of micellar forma-
tion is too fast to observe in the experiment. However, it
can be investigated in the MesoDyn simulation. Although
the duration of stage II is not the real time of the micelle
formation, it can represent the formation speed by contrast
[34, 55].

The effect of shear on the morphology of aggregate

The study on the shear dependence of the aggregation
morphology of amphiphiles is important, because the
stirring or ultrasonic treatment always occurs during the
process of preparing the amphiphilic systems. Yuan et al.
has found the hexagonal and lamellar phases present under
the shear in the simulation [34]. In order to show the
difference of the micellar morphology of the branched and
linear block polyethers under the shear, the micellar
morphology variations of 10 vol% A with the simulation
time and at different shear rate are studied, which is shown
in Fig. 6 (I). It can be seen that the spherical micelles are

Fig. 7 The aggregation morphology of the linear polyether at various
simulation times under different shear rate. (I): a to c represent the
morphology of 10 vol% polyether B at time of 0.2, 0.25, and 2.0 ms.

(II): a to c represent the morphology of 20 vol% polyether B at time of
0.1, 0.25, and 2.0 ms. The shear rates of i–iv are the same as Fig. 6
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formed at 0.2 ms in the absence of shear. When the shear
rate is 1×103 s−1, some of the micelles aggregate to form
micellar clusters. The huge micelles are formed as the shear
rate arrives at 1×104 s−1. However, when the shear rate
arrives at 1×105 s−1, the huge micelles are disaggregated
into spherical micelles arraying along the shearing direction
x-axis. When the simulation time increases to 0.25 ms, the
huge micelles and micellar clusters are formed in
the presence of shear. As the simulation time is 1.25 ms,
the micellar clusters aggregate to form huge micelles in the
presence of shear. However, the rod-like micelles are only
formed under the shear rate of 1×105 s−1.

When the concentration of A increases to 20 vol%, the
rod-like micelles are found at 1.25 ms under the shear rate
of 1×104 s−1. When the shear rate is 1×105 s−1, the rod-like
micelles are found at 0.2 ms. That is, the larger the
concentration of A is, the easier the wormlike micelles is
formed under the effect of shear.

The aggregation morphology of 10 vol% B at different
simulation time under different shear rate is shown in Fig. 7
(I). It can be seen that the PO chains have the trend of
forming aggregate when the shear rate is lower than
1×105 s−1. The rod-like micelles are formed under the

shear rate of 1×105 s−1. Figure 7 (II) shows that the effect
of the shear on the aggregation morphology of B is more
complex. It can be seen that the micelles are formed at
0.1 ms in the absence of shear, then some of the micelles
aggregate to form huge micelles as the shear rate increase to
1×103 s−1. However, when the shear rate arrives at
1×104 s−1, the huge micelles are disaggregated into
spherical micelles. When the shear rate increases to
1×105 s−1, the rod-like micelles and micellar clusters
coexist. When the simulation time increases to 0.25 ms,
the rod-like and micellar clusters are found as the shear rate
is larger than 1×103 s−1. As the simulation time is 2.0 ms,
the micellar clusters are formed in the absence of shear.
When the shear rate is 1×103 s−1, the micellar clusters are
disaggregated into ellipsoidal micelles. When the shear rate
increases to 1×104 s−1, the ellipsoidal micelles grow and
form huge micelles. At last the rod-like micelles are formed
under the shear rate of 1×105 s−1.

It may be seen that the effects of shear on the
aggregation morphology of the branched and linear block
polyethers are different clearly. The PPO chains can
aggregate via the hydrophobic effect. When the shear is
present in the system, the micelles can be distorted and
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Fig. 8 Time evolution of order parameters for P beads of polyethers A and B systems at different concentrations: a 10 vol% A, b 20 vol% A, and
c 20 vol% B
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formed rod-like micelles by the external force. Meanwhile,
the disaggregation of the micellar clusters under the
external force appears especially in the 20 vol% B system.
This indicates that the huge micelles or micellar clusters of
the branched polyether are difficult to distort because A
molecule can be coexist in different micelles and the
interactions between the micelles are stronger due to the
branched structure of the molecules. It can also be found
that the formation of the rod-like micelles in 20 vol% A
system needs more time than that in B system, which can
also indicate that the interaction between A micelles is
stronger than that of B because of the tangle of the
branched A chains.

In order to investigate the effect of shear on the
aggregation morphology during the whole process of
simulation, the p values of P beads at different shear rate
are shown in Fig. 8. It can be seen from Fig. 8a that the
effect of shear on the micellar formation is strong at the
initial stage of the simulation, which means that the shear
can induce the formation of the micelles at the lower shear
rate, however, slow down the micellar formation at the
higher shear rate (1×105 s−1). When the micelles are
formed, the p values oscillate with the time evolution under
the shear. However, when the A concentration increases to
20 vol%, the effect of the shear in not clear at the initial
stage (Fig. 8b). This is because that the hydrophobic
interaction increases with the increase of the PPO groups
and the micelles form in less than 100 μs, the additional
external force cannot affect on the formation of the
micelles. However, the effect of the shear on the formation
of micelles at the initial stage is clear in the 20 vol% B
system (Fig. 8c). It is known that the rod-like micelles can
form at the shear rate of 1×105 s−1. It can also be found that
at the anaphase of the simulation the oscillation of the
parameter p for the B system with the time evolution is
more frequent than that of A at the shear rate of 1×105 s−1.
However, the oscillation period is long for the A system.
This means that the micelles of B is easier to disaggregate
and form than that of A in the presence of shear, implying
that the hydrophobic effect of A is stronger than that of B.

Conclusions

The different aggregation behaviors of the branched block
polyether A and linear B were investigated by the
MesoDyn method. Both A and B polyethers can form the
spherical, rod-like, wormlike micelles, and micellar clusters
in aqueous solution. However, polyether A can form
micelles at a lower concentration and have a smaller
aggregation number than B. The MesoDyn simulation can
provide the information of the time-dependent growth
behavior. Both the polyethers show the time-dependent

micellar growth behavior. The concentration and the
structure of the block polyether can influence the micellar
morphology. A and B polyethers show different shape
transition with the time evolution. When the shear rate is
1×105 s−1, the shear can induce the sphere-to-rod transition
of both block polyethers micelles. When the shear rate is
lower than 1×105 s−1, the effect of shear on the shape
variation of both polyethers micelles is different. The shear
can induce branched molecules form huge micelles and
micellar clusters, while for the linear block polyether the
huge micelles form and then disaggregate with the time
evolution.
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